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ABSTRACT

The DRTS Space Network Control System (SNC) provides
the autonomous operaion capability to the overdl DRTS
Soace Network experiment ground system (DRTS SN) for
experiment operdion via DRTS that is a data rday test satellite
launched in the Summer 2002. This paper summarizes the
attonomous control of DRTS SN and inter-orbit
communication experiment between DRTS and ADEOSH I in
February 2003.

1 INTRODUCTION

The Data Rday Test Sadlite (DRTS) was developed as the
NASDA's inter-orbit communication experiment satdlite, and
the DRTS Space Network experiment ground system was
developed as the ground dation for the inter-orbit
communicetion experiment. The DRTS SN considts of 1 daa

rday satellite (DRTS), 2 Feeder link dations (Primery Ground
Temind and Haloyama Ground Termind), 1 DRTS Sysem
cdibration Station (DSS), and 2 Kaband ranging ation for
DRTS. All these are remotdy monitored and controlled by
ground software system in Tsukuba Inter-orbit Communication
Saion (TICS). The ground software sysem consigts of the
DRTS SN Contral system (SNC), SN Planning system (SNP),
and SN Andysssystem (SNA).

The DRTS SN dso has cgpabiilities of remote monitor and
control of NASDA base-band processing equipments in ESA
Redu gaion redizing autonomous inter-orbit  experiment
operationwith ESAARTEMIS.

Figure 1 showsoverdl configuration of the system.

The integration tet and veificetion to the functiond
autonomous operations cgpability of the DRTS SN had
completed in 2001. The DRTS wes launched in September
2002, and confirmed the own onboard function and
cheracteridticintheinitia checkout phese
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Figure 1. DRTS SN Sysem Configuration



2. AUTONOMOUSOPERATION SYSTEM

Autonomous operation of the DRTS SN is redized the
DRTS Space Network Control System (SNC) and the DRTS
Space Network Flanning sysem (SNP) in its own Software
Therefore, it gpecify concerning the DRTS SNC and the DRTS
NP

DRTS Space Network Control Sysem (SNC)

The DRTS SNC is a core software sysem of the DRTS SN,
which controlsand monitorsthe DRTSand dl ground station.

The DRTS SNC consigts of thefollowing 5 units

- DRTSSygem Control Unit

- DRTSMission control unit

- Saion Control Unit

- ARTEMIS System Control Unit

- Common Information Management Unit

The DRTS Sygem Control Unit, the DRTS Misson control
unit and the Station Control Unit are mainly used for red-time
operation of the inter-orbit communication experiment between
DRTSand LEO sadllites.

The DRTS Sysem Control Unit is core unit in the SNC,
which isin charge of monitoring and control of the Karband
TT&C Operation for DRTS TT&C and the SN Experimental
Operdtion induding the egablishment of inter-obit
communication link between DRTS and LEO sadlites This
unit autonomoudy contrals its subordinate the DRTS Mission
Control Unit and the Station Control Unit in accordance with
the DRTS SNPgenerated plans.

The Mission Contral unit monitoring the DRTS Inter-orbit
Communication Equipment (ICE) tdemetry and generate pre-
planned command sequences based on the directions from the
DRTS Sysem Control unit.

The Saion Control unit is located between DRTS System
Control Unit and Station Control and Monitoring Equipment
(CME) in eech daion. Based on the operdtiond directions
from DRTS System Control Unit, this controls each dation-
eguipment viaCME in eech dation.

DRTS Space Network Planning Sysem (SNP)

Coordingting operation requess from LEO sadlit€s
planning sysem, the DRTS SNP automdicdly generates
DRTS Kaband TTC operation sthedule and SN experiment
operation schedule considering the vighility informetion, the
priority rule, and the redrictions of daa rday saellite and
ground sysems. After the assgned LEO saelite operaion
requests, this generated schedule is distributed to related system
(eg. the Eath Obsarvaion Center, Gateway System of the

Tracking and Control sysem.) induding the DRTS SNC
automaticaly.

Automatic Experiment Based on Schedules

The operation schedule is submitted from the DRTS SNPto
the DRTS SNC once per day automaicaly. The DRTS SNC
proceeds and expands its operaion plan as shown in Figure 2.
The DRTS SNC darts preparing for events 60 minutes before
the gtart time of red operations The DRTS SNC refersto SN
Operaion Plan Teble every seconds checking the scheduled
darttimeof events
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Figure2. Outlineof the SN Experimental Operation How

“Prepass’, “Pog-pass’ and “Initid Acguistion” in Figure 2
is defined as individud work items They are executed one by
one based on the directions of the Operation Scheduler in the
DRTS SNC. Detailed opertion in eech work item shows as
follows

(1) Preparation Phase
- Start to prepare the sation equipment for operaiond use
- Acquire the Acquistion and Tracking Aid informetion for
Doppler Compensation.

(I1) Pre-Pass Phase
- DRTS onboard equipment set up and |OL antennapointing
- Sat to transmisson KaForward Beacon toward LEO
saellite in the case of KSA operation request induded in the
plan.
- Feder-link gtation equipment set up after the readiness
check
- Ranging ceibration
- Connect the data and operation line with LEO saellite
TT&C operdion console

(1) Initid Acquisition Phase
- Edtablish SSA inter-orbit communication link indude
DRTSand ground gation.
- Egablish KSA inter-orbit communication link indude
DRTSand ground gation.

(V) Link Monitoring Phase
- Watching for the inter-orbit communication link, DRTS



| CE equipment status, and ground station equipment datus.

- Sart the Range and Range Rate messurement

- Change the paameter of DRTS and ground dation if
necessary (eg. from SSA only to S+K smultaneoudy).

(V) Post-PassPhase
- Terminatethe RF signd tranamission from each satellite

3. INTER-ORBIT COMMUNICATION EXPERIMENT
BETWEEN DRTSAND ADEOSH |

Demondtration and Verification Schedule

Figure 3 shows the schedule of verification schedule from
the DRTS initid checkout phese to the DRTSADEOSH | test
experiment phase.

SﬁI.IOCilNCMIDB:IH.IFdJ.IMathI Apn'lI May

DRTSLaunched ADEOSI Launched

DRTSInitial Checkout Phese
===

SpeceNework Test Experiment phese

| S—
DRTSADEQSH| Test Experimant phese

Figure3. Schedule

Demondration of Autonomous Operation usng DSS

Throughout the DRTS initid checkout phase and Space
Network test experiment phase, the DRTS SN demondrated its
autonomous  capability induding various hardware and
software timing adjustments with the DRTS System cdibration
Saion (DSS). The DSS is adle to smulate the function of
LEO sadllites.

This demongtration was started from the ground to spacelink
establishment to the DRTS onboard equipment control from
the ground toward the DRTSADEOSI| inter-orbit
communication. During the first phase of the demondration,
conventional TT&C operdion console was used for the
automated process and procedure verification. Before the inter-
orbit communication operation with ADEOS 1, the DRTS SN
was trandferred the TT&C authority from the conventiona
TT&C sysgem. Moreover, in this Space Network test
experiment phase, this demondration performed for team
traning.

Demondration of Autonomous Operaion with ADEOSHI

After the above demondration, the DRTS SN demondrated
to establish inter-orbit communication link between DRTS and
ADEOSH| from February 2003. Figure 4 shows as flown inter-
orbit communication operation flow. The left Sde sequence is

for the DRTS SN, and the right sde is for the ADEOSHI.
Although the ADEOSHI is controlled by up-lording Stored-
Command, the DRTS and dl daion equipments ware
controlled by the DRTS SNC a thered time.
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Figure4. Asflown Inter-Orbit Communication Operaion

In this demongration phese the DRTS SN veified its
autonomous operation capability for the establishment of inter-
orbit communicetion link usng the ADEOS-I on orhit,
induding the hardware and software timing adjusments
concerning the each satdllite corresponding.

Moreover, the DRTS SN demondrated the smultaneous
operation, DRTS onboard equipment control ((A) in Fig. 4),



and dation equipment contral ((B) in Fig.4). For ingtance, the
Interface Control Document (ICD) is defined that Kaband
Forward Beacon (KFB) signd should be started to tranamit 1
min before SN experiment gart time ((T) in Fg. 2), therefore
the DRTS SN transmit KFB signd without other equipment's
control completed. The DRTS Sysem Control unit is
observing and gathering the sst up progress from DRTS
Mission Control unit and Station Control unit for KFB
equipment, and both unit st up is completed, the DRTS
System Contral unit direct the Station Control unit to start KFB
transmisson. The saies of thee proceses for KFB
trangmission, itisnot necessary that SN operator intervene.
Concerning the smultaneous operdion, it is possible to be
the Network operator concurrently DRTS satellite's operator.
Also, during the first phase of this demondgration, these
operations conducted sequentidly, therefore it takes over 20
min to perform pre-pass operation completed. In short aword,
“Pre-Pass’ and/or “Pogt-Pass’ operation time became shorten.
The time reduction due to the smultaneous operation will be
effectivethe multi LEO satellites operation support in future.

COST REDUCTION APPROACH

Basicdly autonomous operation capability of the DRTS SN
had completed the verification. Throughout this demongtration,
the DRTS SN has built up the autonomous operation, and SN
operation personnd arelessthan less,

Moreover, most important characteristic in this sysem,
which is compared with conventiona Tracking and Control
sysem of NASDA, is unified Network operation and Saellite
operation except for House Kesping operdion. (The DRTS SN
has authority to control DRTS Mission equipment only.) The
results of the unity the Network and Satellite operation, the
operation personnd ware raiondly, however if the DRTS SN
have authority the control of DRTS House Kesping operation,
the operation cost will bereduced more.

LESSONSLEARNED, FUTUREWORKS

- The SNC is required to improve efident resource
ass gnment maximizing experiment opportunity.

- The SNPis required to adjust SN operaion congraints to
enableefficient and flexible operation.

- To demondrate and improve the autonomous operaion
throughout the future LEO satdlite, for example ALOS,
JEM.



